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7KHRUHWLFDO SUHVHQWDWLRQV RI VWUXFWXUDO UHOLDELOLW\ FDOFXODWLRQPHWKRGRORJLHV LQ WKH OLWHUDWXUH W\SLFDOO\
SUHVXPH WKH H[LVWHQFH RI ZHOOFKDUDFWHUL]HG SUREDELOLW\ GLVWULEXWLRQV IRU VWUHVV DQGRU VWUHQJWK 7KLV LV
FHUWDLQO\ YDOLG ZKHQ FRQVLGHULQJ WKH VWUHQJWK GLVWULEXWLRQV RI FRPPRQO\XVHGPHWDOOLFPDWHULDOV:KHQ
XVLQJ VWUXFWXUDO UHOLDELOLW\PHWKRGV LQ WKH GHVLJQ RI FRPSRVLWH DQGRU ERQGHG DVVHPEOLHV LQ DHURVSDFH
VWUXFWXUHVKRZHYHUVWUHQJWKGLVWULEXWLRQVDUHXVXDOO\GHULYHGIURPWHVWLQJRIDOLPLWHGQXPEHURIFRXSRQV
WKDW DUH UHSUHVHQWDWLYH RI WKH IOLJKW KDUGZDUH 7KH WHVWEDVHG VWUHQJWK GLVWULEXWLRQV DUH WKHQ RQO\ DQ
HVWLPDWH RI WKH HQWLUH SRSXODWLRQ WKDW UHSUHVHQWV WKH DFWXDO VWUHQJWK GLVWULEXWLRQ RI WKH IOLJKW KDUGZDUH
:KHQDOORFDWLQJWKHRYHUDOOV\VWHPVWUXFWXUDOUHOLDELOLW\EXGJHWGRZQWRWKHFRPSRQHQWOHYHOWKHLQKHUHQW
XQFHUWDLQW\LQWKHHVWLPDWHGVWUHQJWKGLVWULEXWLRQUHODWLYHWRWKHDFWXDOSRSXODWLRQPXVWEHFRQVLGHUHG7KLV
UHTXLUHVWKHVSHFLILFDWLRQRIDFRQILGHQFHYDOXHUHTXLUHPHQWDORQJZLWKDPD[LPXPSUREDELOLW\RIIDLOXUH
UHTXLUHPHQW7KLVSDSHUSUHVHQWVDPHWKRGRORJ\IRUGHYHORSLQJSDUDPHWHUVIRUDFRXSRQWHVWSURJUDPWKDW
ZLOOGHPRQVWUDWHFRPSOLDQFHZLWKDOORFDWHGSUREDELOLW\RIIDLOXUHDQGFRQILGHQFHOHYHOUHTXLUHPHQWVIRUD
FRPSRVLWHVWUXFWXUHZLWKDODUJHQXPEHURIERQGHGMRLQWV
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2YHUYLHZRI6WUXFWXUDO5HOLDELOLW\&DOFXODWLRQ0HWKRGRORJ\
,Q WKHJHQHUDOFDVH WKHSUREDELOLW\RI IDLOXUH 3IRID VWUXFWXUDOHOHPHQWXQGHUDJLYHQ ORDGLQJFRQGLWLRQ LV WKH
SURGXFWRIWKHSUREDELOLW\GHQVLW\IXQFWLRQV3')VRIVWUHQJWKDQGORDG7KHUHOLDELOLW\5RIWKHVWUXFWXUDOHOHPHQWLV
WKHQWKHTXDQWLW\3I

7KH GHVLJQRI VSDFHFUDIW VWUXFWXUHV LV W\SLFDOO\ GULYHQE\ WKH DSSOLFDWLRQRI ODXQFK ORDGV GXH WR ODXQFK YHKLFOH
G\QDPLFVRU ORDGLQJGXH WRGLIIHUHQWLDO WKHUPDOH[SDQVLRQZKLOHRQRUELW 5HOLDELOLW\FDOFXODWLRQV IRU WKLVFODVVRI
VWUXFWXUHVDUHWKHQDVLOOXVWUDWHGLQ)LJ

7KLVSDSHUZLOOIRFXVRQ

x 7KH HVWDEOLVKPHQW RI WKH PDWHULDO VWUHQJWK EDVLV IRU D WHVWGHULYHG 3') WKDW PHHWV WKH GHILQHG UHOLDELOLW\
JRDOUHTXLUHPHQWIRUWKHRYHUDOOVWUXFWXUDODVVHPEO\

x 7KH GHVFULSWLRQ RI D ULJRURXV DQG FRQVHUYDWLYHPHWKRG IRU GHILQLQJ WKHPDWHULDO VWUHQJWK 3') ZKHUH FRXSRQ
WHVWLQJRIDOLPLWHGQXPEHURIVSHFLPHQVLVXVHGWRHVWLPDWHWKH3')RIWKHHQWLUHSRSXODWLRQRIIOLJKWKDUGZDUH
HOHPHQWV

7R VLPSOLI\ WKH GLVFXVVLRQ WKH3') RI WKH ORDG LQ )LJXUH ZLOOEH UHSODFHG ZLWK D GHWHUPLQLVWLF ³OLPLW ORDG´
UHSUHVHQWLQJDFRQVHUYDWLYHXSSHUERXQGRQWKHH[SHFWHGORDGLQJDSSOLHGWRWKHVWUXFWXUDOHOHPHQWV7KH3ILVWKHQWKH
DUHDLQWKHWDLOUHJLRQRIWKHVWUHQJWK3')WRWKHOHIWRIWKHOLPLWORDG
([DPSOH3UREOHP
$QH[DPSOHVLWXDWLRQRIDERQGHGVSDFHFUDIWVWUXFWXUHZLOOEHXVHGWRLOOXVWUDWHWKHVWUXFWXUDOUHOLDELOLW\FDOFXODWLRQ
PHWKRGRORJ\ 7KHVWUXFWXUHKDVD WRWDORIERQGVXVLQJ WKHVDPHDGKHVLYHEXWZLWK IRXUGLIIHUHQWDGKHUHQG
FRPELQDWLRQV  &RXSRQ WHVWLQJ LV SHUIRUPHG WR GHYHORS WKH VWUHQJWK 3') RI HDFK RI WKH DGKHVLYHDGKHUHQG
FRPELQDWLRQV  )RU VLPSOLFLW\ LW LV DVVXPHG WKDW WKH OLPLW ORDG LV D SHDN VWUHVV WKDW LV WKH VDPH IRU HDFK
DGKHVLYHDGKHUHQGFRPELQDWLRQ7KHUHOLDELOLW\JRDOUHTXLUHPHQWIRUWKHRYHUDOOVWUXFWXUHLV


1RPHQFODWXUH

&Y FRHIILFLHQWRIYDULDWLRQ
.E RQHVLGHGWROHUDQFHOLPLWIDFWRUWRHVWDEOLVK%EDVLVYDOXH
.F RQHVLGHGWROHUDQFHOLPLWIDFWRUWRHVWDEOLVK&EDVLVYDOXH
Q QXPEHURIGDWDVDPSOHV
3ERQG DOORFDWHGSHUERQGUHOLDELOLW\JRDOUHTXLUHPHQW
3') SUREDELOLW\GHQVLW\IXQFWLRQ
3I SUREDELOLW\RIIDLOXUH
5 UHOLDELOLW\
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)LJ&DOFXODWLRQRI6WUXFWXUDO5HOLDELOLW\
(VWDEOLVKPHQWRIWKH5HTXLUHG0DWHULDO6WUHQJWK
,QWKH8QLWHG6WDWHVDHURVSDFHLQGXVWU\UHI>@LVDUHFRJQL]HGVWDQGDUGIRUWKHVWDWLVWLFDODQDO\VLVRIPDWHULDOWHVW
GDWD 7KLV VHFWLRQH[WHQGV WKHPHWKRGRORJ\GHILQHG LQ WKDWVWDQGDUG IRUDSSOLFDWLRQ WR WKH VROXWLRQRI WKHH[DPSOH
SUREOHPGLVFXVVHGKHUHLQ
$OORFDWLRQRI2YHUDOO5HOLDELOLW\*RDO5HTXLUHPHQWWRWKH(OHPHQW%RQG/HYHO
)RUWKLVVLPSOHH[DPSOHWKHVSHFLILHGUHOLDELOLW\SHUERQGLVFDOFXODWHGLQHTXDWLRQ
 3ERQG 5   
0DWHULDO%DVLV
5HI >@ GHILQHV WZR PDWHULDO SURSHUW\ EDVHV FRPPRQO\ VSHFLILHG LQ KDQGERRNV VXFK DV UHI >@ IRU ZHOO
FKDUDFWHUL]HGPHWDOOLFPDWHULDOV

x $EDVLVYDOXH$VWDWLVWLFDOO\EDVHGPDWHULDOSURSHUW\DORZHUFRQILGHQFHERXQGRQWKHILUVWSHUFHQWLOHRID
VSHFLILHGSRSXODWLRQRIPHDVXUHPHQWV

x %EDVLVYDOXH$VWDWLVWLFDOO\EDVHGPDWHULDOSURSHUW\DORZHUFRQILGHQFHERXQGRQWKHWHQWKSHUFHQWLOHRID
VSHFLILHGSRSXODWLRQRIPHDVXUHPHQWV

7KHH[WHQVLRQRIWKHUHI>@PHWKRGRORJ\WRWKLVH[DPSOHSUREOHPRIVWUXFWXUDOUHOLDELOLW\GHILQHVDQHZ³&EDVLV
YDOXH´DV

x &EDVLV YDOXH  $ VWDWLVWLFDOO\EDVHG PDWHULDO SURSHUW\ D  ORZHU FRQILGHQFH ERXQG RQ WKH 3ERQG
SHUFHQWLOHRIDVSHFLILHGSRSXODWLRQRIPHDVXUHPHQW

)RUDSRSXODWLRQRIGDWDZLWKDQRUPDOGLVWULEXWLRQWKH&EDVLVPD\EHFDOFXODWHGSHUHTXDWLRQ

& PHDQ.F&Y  
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7KHPHDQDQG&YYDOXHVDUHSURSHUWLHVRIWKHQRUPDOGLVWULEXWLRQWKDWPD\EHFDOFXODWHGZLWKFRPPRQO\DYDLODEOH
VWDWLVWLFDODQDO\VLVWRROV7KHFDOFXODWLRQRI.FLVGHILQHGEHORZ

&DOFXODWLRQRI.FRQHVLGHGWROHUDQFHOLPLWIDFWRU
7KHGHILQLWLRQRI.EIURPVHFWLRQRIUHI>@LV³¥QWLPHVWKHWKTXDQWLOHRIWKHQRQFHQWUDOWGLVWULEXWLRQ
ZLWKQRQFHQWUDOLW\SDUDPHWHU¥QDQGQGHJUHHVRIIUHHGRP´7KHQRQFHQWUDOLW\SDUDPHWHUFRHIILFLHQW
LVDIXQFWLRQRIWKHWHQWKSHUFHQWLOHGHILQLWLRQRIWKH%EDVLVYDOXH'HWHUPLQDWLRQRIWKH&EDVLVYDOXHILUVWUHTXLUHV
UHFDOFXODWLRQRIWKLVFRHIILFLHQWWRGHYHORSWKHQRQFHQWUDOWGLVWULEXWLRQRIWKHFRXSRQWHVWGDWDEHLQJXVHGWRHVWLPDWH
WKHVWUHQJWK3')RIWKHHQWLUHSRSXODWLRQRIIOLJKWKDUGZDUHERQGV

1XPHURXV UHIHUHQFHV DUH DYDLODEOH LQ WKH OLWHUDWXUH ZKLFK VKRZ WKDW WKH QRQFHQWUDOLW\ SDUDPHWHU FRHIILFLHQW LV
VLPSO\WKHORZHUFXPXODWLYHGLVWULEXWLRQRIWKH6WXGHQW¶VWGLVWULEXWLRQIRUDQLQILQLWHQXPEHURIGHJUHHVRIIUHHGRP
)RUWKH6WXGHQW¶VWGLVWULEXWLRQW[QWKHHTXDWLRQVEHORZDUHXVHGWRFDOFXODWHWKHQRQFHQWUDOLW\FRHIILFLHQWQHHGHGWR
GHWHUPLQHWKH&EDVLVYDOXH

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

,QWKHH[DPSOHSUREOHPWKLVFRHIILFLHQWFDQEHVKRZQWREH7KLVYDOXHLVDIXQFWLRQRQO\RIWKHVSHFLILHG
UHOLDELOLW\LQWKLVFDVH

7KHDFWXDOQRQFHQWUDOLW\SDUDPHWHULVWKHFRHIILFLHQWWLPHVWKHVTXDUHURRWRIWKHQXPEHURIFRXSRQVDPSOHVLQWKH
GDWDVHW

O  Q

)RU WKH QRQFHQWUDO WGLVWULEXWLRQ W[QȜ WKH HTXDWLRQV EHORZ DUH XVHG WR GHWHUPLQH WKH YDOXH RI WKH UDQGRP
YDULDEOH[WKDWFRUUHVSRQGVWRWKH3ERQGSHUFHQWLOHRIWKHSRSXODWLRQDWDORZHUFRQILGHQFHERXQG
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(VWDEOLVKPHQWRIWKH&EDVLV9DOXHV
7KHFRXSRQWHVWSURJUDPUHVXOWVDUHVXPPDUL]HGLQ7DEOHDORQJZLWKWKHFDOFXODWHGȜ[.FDQG&EDVLVYDOXHV
)RUWKLVGDWDWKHPHDQVWUHQJWKVKDYHDOOEHHQQRUPDOL]HGWR
7DEOH&RXSRQ7HVW3URJUDP6XPPDU\




*XLGDQFHIRU&RXSRQ7HVW3URJUDP0RGLILFDWLRQ
%RWKWKHVDPSOHVL]HDQG&YSDUDPHWHUVLQIOXHQFHWKH&EDVLVYDOXH)RUDFRQVWDQW&YUHIOHFWLQJDZHOOFRQWUROOHG
SURFHVVDODUJHUVDPSOHVL]HUHVXOWVLQDQLQFUHDVHLQWKH&EDVLVYDOXH
&RQFOXVLRQV
7KHPHWKRGRORJ\GHVFULEHGKHUHLQDOORZV IRUFDOFXODWLRQRIDPDWHULDOVWUHQJWKDOORZDEOH IRUDGKHVLYHO\ERQGHG
MRLQWVWKDWZLOOHQVXUHDVSHFLILHGRYHUDOOVWUXFWXUDOUHOLDELOLW\DWDFRQILGHQFHOHYHOEDVHGRQDWHVWEDVHGVWUHQJWK
GLVWULEXWLRQWKDWLVDQHVWLPDWHRIWKHRYHUDOOSRSXODWLRQRIDIOLJKWV\VWHP

7KHPHWKRGRORJ\FDQEHUHYHUVHGLQDVWUDLJKWIRUZDUGPDQQHUWRDOORZIRUFDOFXODWLRQRIDQRYHUDOOIOLJKWV\VWHP
UHOLDELOLW\IRUDJLYHQGHVLJQLIPDWHULDODOORZDEOHVDUHGHYHORSHGDIWHUWKHIDFW

7KHDVVXPSWLRQRIDQRUPDOGLVWULEXWLRQIRUWKHPDWHULDOVWUHQJWK3')KDVEHHQPDGHLQWKLVGHULYDWLRQ5HI>@
GHVFULEHVPHWKRGRORJ\ WKDWPD\EHXVHG LQ WKH FDVHRI:HLEXOO DQGQRQSDUDPHWULFGLVWULEXWLRQV WKRXJK WKHVH DUH
LQKHUHQWO\PRUHFRPSOLFDWHGWKDQWKHQRUPDOGLVWULEXWLRQ

7KHDVVXPSWLRQZDVDOVRPDGHRIDGHWHUPLQLVWLFYDOXHIRU WKHDSSOLHG ORDG3') :LWKDQDGGLWLRQDOGHJUHHRI
FRPSOH[LW\WKHPHWKRGRORJ\KHUHLQFDQEHH[WHQGHGWRWKHPRUHJHQHUDOFDVHRIDQRQGHWHUPLQLVWLFDSSOLHGORDG
5HIHUHQFHV
>@'HSDUWPHQWRI'HIHQVH+DQGERRN&RPSRVLWH0DWHULDOV+DQGERRN9ROXPH3RO\PHU0DWUL[&RPSRVLWHV*XLGHOLQHVIRU&KDUDFWHUL]DWLRQ
RI6WUXFWXUDO0DWHULDOV&KDSWHU
>@0HWDOOLF0DWHULDOV3URSHUWLHV'HYHORSPHQWDQG6WDQGDUGL]DWLRQ003'6



$GKHUHQG&RPELQDWLRQ 6DPSOH6L]H &Y Ȝ [ .F &EDVLVYDOXH
$      
%      
& 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